R ecognition of the importance of urinary albumin excretion (UAE) as a prognostic marker in hypertension is based on cross-sectional studies, which demonstrate clustering of cardiovascular risk factors and organ damage associated with an increase in UAE, as well as on follow-up studies in which a given value of UAE measured at the beginning is associated with total and cardiovascular morbidity and mortality over time. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Consequently, microalbuminuria assessment is now recommended in a risk stratification strategy not only in diabetic subjects but also for hypertension management. 12 Whether changes in UAE over time have prognostic value and can be used as an intermediate objective is a matter of discussion. Post hoc analysis from the Losartan Intervention for End point Reduction in Hypertension (LIFE), 13 Action in Diabetes Mellitus and Vascular Disease (ADVANCE), [14] [15] [16] Ongoing Telmisartan Alone and in Combination with Ramipril Global End Point Trial (ONTARGET), and the Telmisartan Randomized Assessment Study in ACE Intolerant Subjects with Cardiovascular Disease (TRASCEND) have reported positive results in terms of a reduction in UAE being followed by risk reduction. 17 However, Avoiding Cardiovascular Events Through Combination Therapy in Patients Living with Systolic Hypertension (ACCOMPLISH) 18 does not confirm the potential prognostic value. Likewise, a prospective study Olmesartan for the Delay or Prevention of Microalbuminuria in Type 2 Diabetes Mellitus (ROADMAP) 19 also reported no association between changes in microalbuminuria and cardiovascular events during the double-blind period, although an observational follow-up concluded that development of microalbuminuria was a marker of cardiovascular events. 20 These studies, which were heterogeneous in terms of patients and analysis of data, did not contribute to the clarification of the potential role of microalbuminuria during antihypertensive treatment. In fact, although the European Society of Hypertension and the European Society of Cardiology (ESH-ESC) guidelines in hypertension recommend the use of microalbuminuria to assess target organ damage, 12 the recent US-released recommendations for cardiovascular risk assessment 21 qualify albuminuria as Grade N (no recommendation for or against) and recommendations for hypertension management do not mention the potential role of microalbuminuria. 22, 23 To gain further insight in the issue, the prognostic value of changes in UAE over time was assessed in a 1-center prospective study in which hypertensive subjects were followed during Abstract-Whether changes over time of urinary albumin excretion have prognostic value is a matter of discussion. The objective was to assess the prognostic value of changes in urinary albumin excretion over time in cardiovascular risk during antihypertensive treatment. 
Subjects and Methods

Study Participants and Design
The study included subjects, all Caucasians, recruited from the Hypertension Outpatient Clinic of the General Hospital of Sagunto (Sagunto, Spain) from May1988 to April 2012. The inclusion criteria were office systolic BP ≥140 mm Hg or diastolic BP ≥90 mm Hg in each of 3 visits at 1 month intervals or current antihypertensive treatment. Patients with secondary hypertension, nephropathy, urinary tract infection, chronic kidney disease stage 4/5, or previous vascular, cardiac, or cerebral disease were excluded. The study was approved by the Ethical Committee of Sagunto Hospital, and all participants gave informed written consent. After the initial evaluation, patients were followed in the outpatient clinic. From a total group of 3592 patients who were screened, 2835 patients were included. The remaining 757 patients were excluded, 204 for secondary hypertension or nephropathy, 24 for previous cardiovascular disease, 122 for concomitant general disease, and 407 for not having 6-month follow-up. Antihypertensive treatment was monitored by means of frequent office BP measurements, and when appropriate, changes in the number, class, and dose of antihypertensive drugs (diuretics, β-blockers, α-blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors [ACEi], angiotensin-receptor blockers [ARB] and vasodilators) were made to maintain a BP goal of <140/90 mm Hg. Incidence of new cardiovascular events, fatal and nonfatal, was recorded during the follow-up. In subjects experiencing multiple nonfatal events, only the first is considered. Events to be recorded included cardiovascular (myocardial infarction, angina, coronary revascularization), cerebrovascular (ischemic or hemorrhagic stroke, transitory ischemic attack), aortoiliac or other peripheral occlusive disease, and new occurrence of heart failure. Definitions of the events were the same as previously published. 24 Cardiovascular events included myocardial infarction, angina pectoris, coronary revascularization, stroke, transient ischemic attack, sudden death, aortoiliac occlusive disease, progressive heart failure, and hypertensive emergency. Myocardial infarction was diagnosed on the basis of ≥2 of 3 standard criteria (typical chest pain, ECG QRS changes, and transient elevation of myocardial enzymes by >2-fold the upper normal laboratory limits). Angina pectoris was defined as chest pain accompanied by typical ischemic changes in the ECG. Stroke was diagnosed on the basis of rapid onset of localizing neurological deficit lasting ≥24 hours in the absence of any other process that could explain the symptoms. Transient ischemic attack was defined as any sudden focal neurological deficit that cleared completely in <24 hours, based on a diagnosis made by a physician. Progressive heart failure was defined as symptoms when appearing during the follow-up in patients without previous heart failure symptoms. All cause death included cardiovascular, noncardiovascular causes and unknown in whom the data were collected from the civil registry. The adjudication of events was done reviewing the clinical documents because the majority of the patients were medically attended in the same hospital. For those whose events were attended in other hospital, reports were required. The events adjudication was done independently of information about UAE values. The follow-up of patients without events was censored at the last visit.
Procedures
BP was measured using a mercury sphygmomanometer following the recommendations of the British Hypertension Society. Systolic BP (SBP) and diastolic BP were the average of 3 readings measured at 5-minute intervals. Blood samples were obtained in the morning after a minimum of 8 hours of fasting. The glomerular filtration rate was estimated (eGFR) by the Modification of Diet in Renal Disease abbreviated formula. 25 Cardiovascular risk was estimated with systemic coronary risk estimation (SCORE) calibrated for low risk populations (SCOREc) in nondiabetic subjects. 26 UAE was measured in 2 separate morning urine collections using a nephelometric immunoassay (Behring Institute). Albuminuria was the average of the 2 values expressed as albumin (mg)/creatinine (g) ratio (UACR). Microalbuminuria was defined as ≥22 mg/g in men and ≥31 mg/g in women. The coefficient of reproducibility for the UACR measurement was intra-assay 2%; interassay 6%, and intraindividual 12% in our laboratory. Microalbuminuria regression or progression was defined when at each of the visits, the UACR changed class and additionally the change was equal or superior to 50% as compared with baseline.
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Statistical Analysis
Values were expressed as mean±SD or as a median and interquartile range. Differences between groups were sought by using independent samples t test for continuous and χ 2 for categorical variables. Event rates for new cardiovascular events, fatal plus nonfatal, during follow-up were presented as the number of events per 100 patient-year. Survival curves were estimated with the Kaplan-Meier product-limit method. The proportional Cox hazard model was used to assess the effect of the prognostic factor on event-free survival. We tested the independent significance of (a) variables at the beginning: microalbuminuria (yes or no), left ventricular hypertrophy (LVH; yes or no), antihypertensive treatment with ACEi or ARB (yes or no), SCOREc risk in nondiabetic (3 categories of risk, low 0-1, moderate 2-4, ≥5), and diabetes mellitus, eGFR (2 categories, ≥60 mL/min/1.73m 2 or <60 mL/min/1.73m
2 ) and (b) variables with repeated measures during follow-up: microalbuminuria (yes or no), office BP (higher than or equal to versus lower than office systolic BP 140 and diastolic BP 90 mm Hg), LDL (≤ and >100 mg/dL). Likewise, changes during the follow-up (persistent normoalbuminuria or microalbuminuria, regression, or progression) were also analysed. Adjusted hazard ratios (HR) in the Cox model were calculated and expressed with 95% confidence intervals (CI). STATA/SE 8.0 (College Station, Texas, EEUU) was used for statistical analysis.
Results
General Characteristics of the Study Population
The general characteristics of the study population at baseline of the 2835 patients included 47% men, mean age 55 years, and are shown in Table 1 . At the time to begin the study, 35% of subjects had only SBP ≥140 mm Hg, 10% had only diastolic BP ≥90 mm Hg, and 27% had both elevated SBP and diastolic BP. Microalbuminuria was present in 616 (21.7%) and antihypertensive treatment in 1711 (60.4%). Five hundred and forty-eight (19.3%) were diabetic patients. The 10-year risk of fatal cardiovascular diseases assessed by SCOREc in nondiabetic patients was low-risk 1440 (63.2%), moderate 609 (26.2%), and high risk 232 (10.1%).
Follow-Up and Occurrence of Events
Median follow-up was 4.7 years (range 0.6-25.7 years), and 17 028 patient-years observations were obtained. Median number of follow-up visits was 4 (minimum 2 and maximum 25) with a median interval time within visits of 1 year (interquartile range 0.7-1.3 years). At the starting point, 1711 (60.4%) patients were receiving antihypertensive treatment with the number increasing during the follow-up, 2536 (89.5%) at the last monitoring, 75% of them with ≥2 antihypertensive drugs. Two thousand hundred and twenty-nine (83.9%) subjects received ACE or ARB.
Four hundred and two cardiovascular events were recorded, although only 294, the fatal and the first nonfatal cardiovascular events, were included in the analysis (1.73 events per 100 patients/year). Eighty-four developed an acute coronary heart disease event (39 myocardial infarction, 43 angina, 2 coronary revascularization), 82 stroke, 24 peripheral vascular disease, 74 first occurrence of congestive heart failure, and 30 patients died from cardiovascular cause. The baseline characteristics of the patients with and without events are shown in Table 1 .
Prognostic Value of Microalbuminuria at Baseline
The Kaplan-Maier plot of event-free survival of the study population grouped by normo-or microalbuminuria at baseline is shown in Figure 1 . Subjects with microalbuminuria at baseline had a significantly higher risk to develop cardiovascular events, 2.33 per 100 patient-years as compared with the normoalbuminuric, 1.47 per 100 patient-years (Breslow 17.5, P=<0.001; HR 1.56; 95% CI, 1.22-2.00). Likewise, LVH, eGFR <60 mL/min/1.73 m 2 , SCOREc, and diabetes mellitus were also related to risk for cardiovascular outcomes ( 
Prognostic Value of Microalbuminuria During the Follow-Up
The Kaplan-Maier plot of event-free survival of the study population grouped by normo-or microalbuminuria during the follow-up is shown in Figure 2 . Univariate Cox proportional hazard model with repeated measurements in the follow-up demonstrated that the presence of microalbuminuria at any time was significantly associated with risk for cardiovascular events (HR 1.95; 95% CI, 1.51-2.52). In a multivariate model, in which LVH, cardiovascular risk, eGFR, and treatment antihypertensive with ACEi or ARBs at the beginning and SBP <140 mm Hg and LDL <100 mg/dL during the follow-up were included, microalbuminuria was still significantly associated with risk for events (HR 1.49; 95% CI, 1.14-1.94). When the analysis was performed in subjects who were or were not receiving antihypertensive treatment at baseline, microalbuminuria was still significantly associated with occurrence of events in the first case (HR 1.46; 95% CI, 1.08-1.99) and not in the second case (HR 1.49; 95% CI, 0.90-2.49; Table 3 ). Likewise, the prognostic value of microalbuminuria was significant in subjects receiving ACEi or ARBs during the follow-up (HR 1.56 95% CI, 1.20-2.04).
Prognostic Value of Changes in Microalbuminuria Status During the Follow-Up
From the total 2835 subjects, 2056 remained normoalbuminuric and 344 microalbuminuric. In contrast, 272 changed from microalbuminuria to normoalbuminuria and 163 became microalbuminuric during the study. A total of 170 events (1.35 per 100 patients/year) were recorded in normoalbuminuric status, 63 (2.57 per 100 patients/year) in microalbuminuric status, 31 (2.10 per 100 patients/year) in regression status, and 30 (4.13 per 100 patients/year) in progression status. As it is shown in the Kaplan-Maier plot of event-free survival (Figure 3) , the risk for events is higher in either group that had microalbuminuria (persistent, regression, or progression) as compared with normoalbuminuria. In Cox proportional hazard model, adjusted by LVH, eGFR, cardiovascular risk, SBP <140 mm Hg, and LDL< 100 mg/dL, only persistent and progression to microalbuminuria have significant differences in risk with the persistent normoalbuminuria. The percent of events and the risk for the 4 situations was as follows: normoalbuminuria 8% and HR 1; persistent microalbuminuria 18% and HR 1.53 (95% CI, 1.13-2.06); regression 11% and HR 1.37 (95% CI, 0.92-2.06), and progression 18% and HR 1.60 (95% CI, 1.04-2.46).
Discussion
The present study reported for first time that in hypertension an increment of UAE at any time is a marker of cardiovascular risk. The study also confirms previous observations about the prognostic value of microalbuminuria in the risk to develop cardiovascular events and the worse prognosis of persistent microalbuminuria or progression during treatment.
The study was performed in a population of subjects representative of hypertensives who attend a Hypertension Clinic in a Community Hospital in the absence of previous cardiovascular or renal disease. The patients enrolled were a predominantly low-moderate risk population assessed by SCOREc risk; 87.6% and only 19% were diabetics. The fact that at baseline the prevalence of microalbuminuria was relatively large for a low-moderate risk population (21%) can be explained because a large proportion of subjects were untreated at baseline (40%). These characteristics differed largely from the patients enrolled in previous studies reporting the prognostic value of microalbuminuria in hypertension. For example, LIFE 13 enrolled more severe hypertensives, baseline BP 174/97 mm Hg, and all subjects with left ventricular hypertrophy; ADVANCE 14 and ROADMAP 18 enrolled only diabetics; ONTARGET-TRASCEND 17 enrolled subjects with high and very high cardiovascular risk, >80% with previous cardiovascular events and 36% diabetics; and ACCOMPLISH enrolled more severe hypertensives, baseline BP 145/80 mm Hg, despite antihypertensive treatment and with high cardiovascular risk in all subjects. Microalbuminuria in hypertension is a marker of risk for cardiovascular morbidity and mortality but not for end-stage renal disease. The link between changes in UAE and risk of cardiovascular events is based on the effect of the cardiovascular risk factors on the endothelium, not only because of the changes induced and their consequences but also because it is a sensor of the interaction between the intensity of the risk factors and the individual capacity of response. After the seminal studies demonstrating that an increment in UAE is dependent of vascular permeability to albumin, 28 many studies have focused on the factors related to its development. Both cross-sectional 29 and follow-up studies 27, 30 have demonstrated that UAE is associated with a clustering of factors in which insulin resistance and high BP values are the main factors, although some others, such as obesity, 31 smoking, 32 and genetics, 33 can also play a role. Then, changes in UAE during the follow-up are a proxy of the effect of cardiovascular risk factors on the vascular tree.
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In the present study, the changes in UACR and the effect on events occurred during antihypertensive treatment with ACEi or ARB in the majority of patients. These drugs produce a blockade of the renin-angiotensin system and reduce UACR beyond the BP lowering effect because of the changes in intraglomerular pressures and glomerular filtration rate. 34 After given ACEi or ARB, glomerular filtration rate decreases because of a functional and reversible mechanism because withdrawal of the drugs increases glomerular filtration rate to the previous values even 2 years later. 35 This initial rapid drop in glomerular filtration rate could contribute to the UACR reduction shortly observed after starting treatment, although it does not affect the long-term changes in UACR. A previous prospective study of our group, which analysed the factors related to long-term changes in UACR, demonstrated the absence of influence of the kind of drug. 27, 29 Cardiovascular risk assessment in clinical practice is mostly based on risk charts, such as Framingham risk score and SCOREc. 26 Risk charts, however, do not take into account subclinical organ damage, which exert independent influence on risk. Available evidence suggests a tangible clinical advantage of adding the evaluation of simple organ damage markers to risk charts in cardiovascular risk prediction. Sehestedt et al 36 found that subclinical organ damage, LVH, carotid plaques, pulse wave velocity, or UACR predicted cardiovascular death independently of SCORE. Concerning UACR, the most relevant information was its prognostic value over the SCORE in the subgroup of patients with a SCORE <5%, 37 although with lower UACR threshold than used in the present study. 38 The recently released ESH-ESC guidelines 12 state that it seems reasonable to search for asymptomatic organ damage in hypertensive patients, not only for the initial stratification of CV risk, but also during follow-up. At the initial evaluation, assessment of organ damage is recommended in low-moderate risk patients, the predominant population in the present study. During the follow-up, UACR can be reliably quantified in a morning urine sample, a test wide available and at low cost, and that can detect treatment-induced changes within a few months. Reduction in UACR has been linked with a reduction in other markers of organ damage, such as LVH. 39 The data of the present study also add information in favor of the prognostic value supporting the use during follow-up. The potential role not only as marker of risk but also as intermediate objective will require further studies in which the treatment goal should be the reduction in UAE by itself. In the meantime, it seems reasonable to take information from changes in UACR to better assess whether treatment is successful. 40 The results of the study should be considered within their strengths and limitations. The fact that the study was performed in only 1 center had the advantage of a more uniform criteria for monitoring and treating patients, although the criteria were modified over time because of the changes in recommendations provided by the subsequent guidelines throughout the follow-up. On the contrary, the results can be applied only to populations with the profile of low-moderate risk and not generalized to other populations with much more cardiovascular or renal risk. 
Perspectives
UACR assessment is a valuable marker of cardiovascular risk in a population of hypertensives with low-moderate risk. The present study not only reinforces the potential role of microalbuminuria assessment as a marker to stratify risk in hypertension but also supports the potential use as a proxy of the effect of antihypertensive therapy beyond the changes on BP values. Whether microalbuminuria should be considered an intermediate objective during the follow-up will be tested in further studies.
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